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FRPSUHVVLYHGHIRUPDWLRQ EHKDYLRXU RIUHFWDQJXODUDOXPLQLXPIRDPILOOHGDQGUHFWDQJXODUHPSW\PLOGVWHHOVDPSOHV DUHDQDO\]HG
WRLGHQWLI\WKHVXSSOHPHQWDU\HQHUJ\DEVRUSWLRQUDWHSHUXQLWYROXPHLQGLYHUVHVWUDLQUDWHE\PHDQVRIWKHFRPSUHVVLYHWHVWLQJ




0HWDO IRDPV KDYH D ORW RI DSSOLFDWLRQV LQ GLIIHUHQW ILHOGV VXFK DV OLJKWZHLJKW FRQVWUXFWLRQ FUDVK HQHUJ\
DEVRUSWLRQ WKHUPDO LQVXODWLRQ DQG DFRXVWLF PDQDJHPHQW $OXPLQLXP IRDPV ZLWK D VRDULQJ IUDFWLRQ RI SRURVLW\
ZKLFK LV D TXLFNO\ HPHUJLQJ FODVV RI QRYHOPDWHULDOV IRU DQ DVVRUWPHQW RIPDVV SURGXFWLRQ >*LEVRQ HW DO 
6LPRQH HW DO 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 -LQ HW DO 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0LVKUD HW DO)DODKDWL HW DO 
0RQGDO HW DO @$OXPLQLXP IRDP LV D FHOOXODU FRQVWUXFWLRQ RI D VROLGPHWDO FRQWDLQLQJ DQ RXWVL]HG YROXPH
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7KHGHILQLQJIHDWXUHRIPHWDOIRDPVLVDYHU\KLJKSRURVLW\RIUDQJHLQEHWZHHQ±RIWKHYROXPHFRQVLVWVRI
DQHPSW\VSDFHPDNLQJ WKHVHXOWUDOLJKWPDWHULDOV VKRZQ LQ ILJ >%DXPHLVWHUHW DO +DOO HW DO@ 7KH












3DXO HW DO @ FRPSUHVVLRQ GHIRUPDWLRQ EHKDYLRU RI DOXPLQLXP IRDP ILOOHG VHFWLRQ LV GHOLEHUDWH E\ GLIIHUHQW
LQYHVWLJDWRUV >'DVHWDO@ DQGLWLVUHYHDOLQJWKDWWKHSODWHDXVWUHVVLVLQVHQVLWLYHWRWKHVWUDLQ UDWH >3DWHOHWDO
'DYLHV HW DO %DXPHLVWHU HW DO @ ,Q WKLV DUWLFOH HLJKW GLIIHUHQW UHFWDQJXODU VHFWLRQ VDPSOHVZHUH
WDNHQ IRUFRPSUHVVLRQ WHVWLQJDQGSURFHVVHV WKHLURZQGLPHQVLRQVHDFKVDPSOHJLYHVGLIIHUHQWVWUDLQVWUHVVFXUYH
XQGHUWKHFRPSUHVVLRQORDG7KHHQHUJ\DEVRUSWLRQRIPLOGVWHHOIRDPILOOHGVHFWLRQLQFUHDVHZLWKLQFUHDVLQJSODWHDX








WKDQ WKHUHIRUH IRUDQDSSOLFDWLRQ LW LVGHWHUPLQHG WR OLVW DOO WKH UHTXLUHGSURSHUWLHVRI WKH IRDP7KHDGYDQWDJHRI
IRDPEHFRPHVSHUFHSWLEOHZKHQEHQGLQJVWUHVVHVDUHPHDVXUHGDVDXWLOLW\RIZHLJKW LQ OLJKWZHLJKWFRQVWUXFWLRQV
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DQGUHODWLYHO\KLJKVWLIIQHVVDQGORZHUGHQVLW\,WLVHVVHQWLDOWRQRWHWKDWLIRQO\GLUHFWVWUHQJWKLVPHDVXUHGIRDPV
RIWHQ KDYH D FRPSDUDEOH WKDQ VROLG PDWHULDO RI WKH VLPLODU ZHLJKW >+DQJDL HW DO  %DQKDUW HW DO 
%DXPHLVWHU HW DO @ 7KHPDVVGHOLYHU\RI FHOOXODU VWUXFWXUHV LQFUHDVHV DW WKHZKROHPRPHQWRI LQHUWLD RI WKH
PDWHULDOJLYLQJDIDUKLJKHUVSHFLILFVWLIIQHVVDQGVWUHQJWKWKDQIRUWKHFRUUHVSRQGLQJZHLJKWRIYDVWQHVVPHWDO
 0HFKDQLFDOSURSHUWLHV
9DULRXV OLWHUDWXUH VWXGLHVKDYHEHHQXQGHUWDNHQRQ WKHPHFKDQLFDO SURSHUWLHV RI$O IRDPV$ZLGH UHYLHZRI WKH
XQGHUVWDQGLQJRIWKHPHFKDQLFDOEHKDYLRURIDZLGHUDQJHRIFHOOXODUVROLGVLVSURYLGHG >*LEVRQHWDO6LPRQH
HWDO.HQQ\@ RWKHUVKDYHFDUULHG RXWWHVWWRVWXG\WKHEHKDYLRURIPHWDOOLFIRDPVXQGHUGLYHUVHORDGLQJ
FRQGLWLRQV SDUWLFXODUO\ WKH SURSHUWLHV RI $O IRDPV XQGHU LPSDFW ORDGLQJ 7KH FKDQFH RI FRQWUROOLQJ WKH ORDG
GLVSODFHPHQWEHKDYLRUE\DSURSHUVHOHFWLRQRIFHOOXODUJHRPHWU\PDWUL[PDWHULDODQGUHODWLYHGHQVLW\PDNHIRDPD
VXSUHPH PDWHULDO IRU HQHUJ\ DEVRUELQJ VWUXFWXUH $ORQJ ZLWK WKH VRPH PHFKDQLFDO WHVWLQJ PHWKRGV H[LVWLQJ
>)DODKDWLHWDO@ XQLD[LDOFRPSUHVVLYHPHFKDQLFDOWHVW LVJHQHUDOO\XVHGWRFDOFXODWHWKHFRPSUHVVLYHEHKDYLRU
DQG HQHUJ\ DEVRUEHG RI WKHVH IRDPV7KH VWUHVVVWUDLQ FXUYH RI FORVHGFHOO$ODOOR\ IRDP VKRZV HLWKHU SODVWLF RU
EULWWOHIUDFWXUHGHSHQGLQJRQIRDPPDQXIDFWXUHDQGPLFURVWUXFWXUH >+DQJDLHWDO@$ODOOR\IRDPLVUHJXODUO\





7ZR VDPSOHV LH UHFWDQJXODU HPSW\PLOG VWHHO DQG UHFWDQJXODU $O IRDP ILOOHG VHFWLRQZDV VWXGLHG LQ WKLV ZRUN
(PSW\UHFWDQJXODUPLOGVWHHOVDPSOHDOO VSHFLILFDWLRQDQGGHQVLW\VKRZVLQ7DEOHDQG$OUHFWDQJXODUIRDPILOOHG
VHFWLRQ VSHFLILFDWLRQ DQG GHQVLW\ VKRZV LQ 7DEOH  GXULQJ WKH FRPSUHVVLRQ WHVWLQJ  FRQVLGHU HPSW\ UHFWDQJXODU
VHFWLRQLVSRUHVDQGDVZHOODV$OUHFWDQJXODUIRDPILOOHGVHFWLRQSRUHV
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(PSW\ PLOG VWHHO VDPSOH SUHSDUHG RI WKLFNQHVV PP ZLGWK PP DQG KHLJKW PP 7KH DUHD RI
VDPSOHLVPP:KLOHRWKHUPLOGVWHHOVDPSOHILOOHGZLWK$OIRDPLVSUHSDUHGRIWKLFNQHVVPPZLGWK












(PSW\ PLOG VWHHO VDPSOH SUHSDUHG RI WKLFNQHVV PP ZLGWK PP DQG KHLJKW PP 7KH DUHD RI
VDPSOHLVPP:KLOHRWKHUPLOGVWHHOVDPSOHILOOHGZLWK$OIRDPLVSUHSDUHGRIWKLFNQHVVPPZLGWK
PPDQG KHLJKW PP7KH DUHD RI$O IRDP ILOOHGPLOG VWHHO VDPSOH LV PP7KH VDPSOHV DUH
VKRZQLQILJDEF	G7KHVHWZRVDPSOHVDUHFRPSUHVVHGXQGHUVWUDLQUDWHRIWKHVWUHVVVWUDLQGLDJUDPRI
VDPSOHV WHVWHG XQGHU VWUDLQ UDWH RI  LV VKRZQ LQ ILJ  D DQG E 7KH DEVRUEHG HQHUJ\ SHU XQLW YROXPH LV
FDOFXODWHGE\PHDVXULQJWKHDUHDXQGHUWKHVWUHVVVWUDLQGLDJUDP(PSW\PLOGVWHHOVDPSOHDEVRUEVHQHUJ\XSWR




(PSW\ PLOG VWHHO VDPSOH SUHSDUHG RI WKLFNQHVV PP ZLGWK PP DQG KHLJKW PP 7KH DUHD RI
VDPSOHLVPP:KLOHRWKHU PLOGVWHHOVDPSOHILOOHGZLWK$OIRDPLVSUHSDUHGRIWKLFNQHVVPPZLGWK
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VKRZQLQ ILJDEF	G7KHVHWZRVDPSOHVDUHFRPSUHVVHGXQGHU VWUDLQUDWHRIWKHVWUHVVVWUDLQGLDJUDPRI
VDPSOHV WHVWHG XQGHU VWUDLQ UDWH RI  LV VKRZQ LQ ILJ  D DQG E 7KH DEVRUEHG HQHUJ\ SHU XQLW YROXPH LV





(PSW\ PLOG VWHHO VDPSOH SUHSDUHG RI WKLFNQHVV PP ZLGWK PP DQG KHLJKW PP 7KH DUHD RI
VDPSOHLVPP:KLOHRWKHUPLOGVWHHOVDPSOHILOOHGZLWK$OIRDPLVSUHSDUHGRIWKLFNQHVVPPZLGWK
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7KHHQHUJ\DEVRUEHGSHUXQLWYROXPHZLWK IRDP VDPSOHDQGHPSW\ VDPSOH LV IRXQGDW GLIIHUHQW VWUDLQ UDWHV7KH
DEVRUEHGHQHUJ\SHUXQLWYROXPHLVFDOFXODWHGE\PHDVXULQJWKHDUHDXQGHUWKHVWUHVVVWUDLQGLDJUDP7KHDUHDXQGHU







$O IRDP ILOOHG VDPSOH LQFUHDVHV IURP0-P WR 0-P DQG WKH HQHUJ\ DEVRUSWLRQ RI HPSW\PLOG VWHHO
VDPSOH LQFUHDVHV IURP  0-P WR  0-P7KH HQHUJ\ DEVRUSWLRQ RI $O IRDP ILOOHG PLOG VWHHO VDPSOH LV
LQFUHDVHV E\    DQG  WKDQ HPSW\ PLOG VWHHO VDPSOHV DW VWUDLQ UDWH RI    
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0LFURVWUXFWXUHRIIRDP
7KH PLFURVWUXFWXUH RI IRDP VDPSOH LV DQDO\]HG XVLQJ VFDQQLQJ HOHFWURQ PLFURVFRSH 6(0 0RGHO +LWDFKL
61-DSDQ7KHVHPLFURJUDSKVDUH UHTXLUHGWRLGHQWLI\DOXPLQLXP IRDPEHKDYLRUXQGHUFRPSUHVVLRQORDG
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)LJD6(0PLFURJUDSKRI$ODOOR\IRDPVKRZLQJFHOO E+LJKHUPDJQLILFDWLRQPLFURJUDSKVKRZLQJFHOOZDOO F6(0PLFURJUDSKRI$O
DOOR\IRDPVKRZLQJFHOOVDQGZDOOG+LJKHU PDJQLILFDWLRQPLFURJUDSKRIFHOOZDOOVKRZLQJDOORFDWLRQRI 6L& SDUWLFOHLQ$ODOOR\
&RQFOXVLRQV
7KH FRPSUHVVLYH VWUHVVVWUDLQ GLDJUDP VKRZV WKUHH GLVWLQFW UHJLRQV OLQHDU HODVWLF UHJLRQ SODWHDX UHJLRQ DQG
GHQVLILFDWLRQUHJLRQ7KHSODWHDXVWUHVVRI$OIRDPILOOHGPLOGVWHHOVDPSOHVLQFUHDVHVLQVWUDLQUDWH7KLVLQFUHDVH
LQSODWHDXVWUHVVLQFUHDVHVHQHUJ\DEVRUSWLRQ7KHHQHUJ\DEVRUSWLRQRI$OIRDPILOOHGPLOGVWHHOVDPSOHDQGHPSW\
PLOGVWHHOVDPSOHLQFUHDVHVIURP0-P WR0-P DQG0-P WR0-P UHVSHFWLYHO\ZLWKLQFUHDVH
LQVWUDLQUDWH7KHHQHUJ\DEVRUSWLRQRI$OIRDPILOOHGPLOGVWHHOVDPSOHLVLQFUHDVHGE\WLPHVDVFRPSDUHGWR

























- %DQKDUW - %DXPHLVWHU  3URGXFWLRQ0HWKRGV IRU 0HWDOOLF )RDPV 3RURXV DQG &HOOXODU 0DWHULDOV IRU 6WUXFWXUDO $SSOLFDWLRQV 056
6\PSRVLXP3URFHHGLQJV
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